What allows groups to behave intelligently? One suggestion is that groups exhibit a collective intelligence accounted for by number of women in the group, turn-taking and emotional empathizing, with group-IQ being only weakly-linked to individual IQ (Woolley, Chabris, Pentland, Hashmi, & Malone, 2010). Here we report tests of this model across three studies with 312 people. Contrary to prediction, individual IQ accounted for around 80% of group-IQ differences. Hypotheses that group-IQ increases with number of women in the group and with turn-taking were not supported. Reading the mind in the eyes (RME) performance was associated with individual IQ, and, in one study, with group-IQ factor scores. However, a well-fitting structural model combining data from studies 2 and 3 indicated that RME exerted no influence on the group-IQ latent factor (instead having a modest impact on a single group test). The experiments instead showed that higher individual IQ enhances group performance such that individual IQ determined 100% of latent group-IQ. Implications for future work on group-based achievement are examined.
Introduction
While humans form groups and value group membership (Haidt, 2007; Lewis & Bates, 2010) , this has typically been understood in terms of obedience and loyalty adaptations maximizing goal completion (Simon, 1997) . Recently, Woolley, Chabris, Pentland, Hashmi, & Malone (2010) reported a new possible benefit of group work: the emergence of a collective intelligence factor largely unrelated to individual IQ. They reported that people working on complex problems in groups show a strong general-ability or IQ factor, with significant differences between groups on this factor. Surprisingly, group-IQ, or "collective intelligence" (C) as they termed it was "not strongly correlated with the average or maximum individual intelligence of group members but is correlated with the average social sensitivity of group members, the equality in distribution of conversational turn-taking, and the proportion of females in the group." Woolley et al. (2010, p. 686) . These findings were subsequently argued to warrant a "seismic shift in how we study groups" (Woolley & Malone, 2011, p. 2) .
As the editors of Nature (Nature Editorial, 2016) recently commented regarding replication studies "researchers must make more of them, funders must encourage them and journals must publish them." (p. 373). Here, in three independent samples, we therefore tested these hypotheses, and contrasted these against the hypothesis that group-IQ predominantly reflects individual cognitive ability.
For some time, it has been known that work-groups whose teammembers have higher IQ out-perform teams of less-able members (Devine & Philips, 2001) . Against this background, Woolley et al. (2010) asked whether groups themselves exhibit a general-factor of intelligence, if this might be distinct from individual IQ, and, if so, what the origins of such a collective intelligence might be. Woolley et al. (2010) assessed individual IQ using either Raven's matrices (Raven, Raven, & Court, 1998) or the Wonderlic Personnel Test -a brief multiple-choice measure of intelligence (Wonderlic & Hovland, 1939) . Social sensitivity was assessed using the Reading the Mind in the Eyes (RME) task (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001) . RME involves subjects viewing images of expressive faces, masked to show only the eye region, and choosing which of four words plotted around the image best describes the depicted emotion. To assess group-IQ, subjects were allocated to small groups and performed tasks including brainstorming, matrix reasoning, moral reasoning, planning a shopping trip, and collaborative text editing (see Woolley et al., 2010 Supplementary Tables S1a and S3b for range of tasks used in their study 1 and study 2). These reflect the McGrath (1984) task circumplex -an established taxonomy for measuring group performance. The four quadrants of the circumplex are: (1) 'Generate' -development of new ideas; (2) 'Choose' -tasks that require definitive correct answers; (3) 'Negotiate' -resolving conflicts of interest or points of view; and (4) 'Execute' -performance and psychomotor tasks. A confirmatory factor analysis (CFA) indicated that a single latent factor accounted for 31-35% of test variance. Surprisingly, individual IQ accounted for just 3% of group-IQ variance.
Turning to the causes of this group-IQ factor, Woolley et al. (2010) reported a significant (r = 0.23, p = 0.007) correlation with percent females in the group. Variance in turn-taking during communication similarly correlated positively and significantly with group-IQ. In multiple regression models, these factors were displaced by social sensitivity (RME), which was the best predictor of group-IQ. Their conclusion was that a distinct form of collective intelligence exists which can solve complex problems independent of the IQs of individual group members. If social sensitivity enables a collective problem solving ability not limited by conventional cognitive ability of the group members this would clearly be of profound importance, especially given that simply increasing female participation and encouraging turn-taking might allow us to increase collective ability.
Given the ubiquitous importance of group activities (Simon, 1997) these results have wide implications. Rather than hiring individuals with high cognitive skill who command higher salaries (Ritchie & Bates, 2013) , organizations might select-for or teach social sensitivity thus raising collective intelligence, or even operate a female gender bias with the expectation of substantial performance gains. While the study has over 700 citations and was widely reported to the public (Woolley, Malone, & Chabris, 2015) , to our knowledge only one replication has been reported (Engel, Woolley, Jing, Chabris, & Malone, 2014) . This study used online (rather than in-person) tasks and did not include individual IQ. We therefore conducted three replication studies, reported below.
Study 1
Based on Woolley et al. (2010), we set out to confirm replication of the following hypotheses. First, in a battery of group-tasks, a single factor should account for a substantial portion of variance in scores. Second, individual IQ would be a poor (path-coefficient ≤ 0.20) predictor of group-IQ. Third, number of women in the group would predict group-IQ. And fourth, social sensitivity would strongly account for variance in group-IQ, explaining for the predicted apparent association of number of women with group-IQ, and greatly exceeding any effect of individual cognitive ability.
Method

Participants
Seventy-two (41 females, 31 males) student participants were recruited using Facebook and university class e-mail lists. The age range of participants was eighteen to twenty-four years of age. One subject was in full time employment. Subjects were offered a £50 prize for the best performing group. For collective IQ testing, these 72 subjects were formed into 26 groups (as described below).
Materials
Individual IQ was assessed using the Raven's Advanced Progressive Matrices (Raven, Raven, & Court, 1998), a standardized test of general fluid reasoning capacity. Participants were given 10 min to complete as many as possible of the odd-numbered items of set-II of this test and were scored for total correct, as in Woolley et al. (2010) study 1.
Note: When conducting these studies, we expected a group-IQ factor to emerge independent of IQ, and wished to consider alternative models for collective cooperation based on personality and moral psychology. For this reason, subjects in study one completed the NEO-FFI Five Factor Personality Inventory (Costa & McCrea, 1992) while in studies 2 and 3, subjects completed the Moral Foundations Questionnaire (Graham, Haidt, & Nosek, 2009 ) and a measure of psychopathy (Christie & Geis, 1970) . We had no need to explain results based on these ancillary scales, and for this reason they are not analyzed or presented here.
Individual Social Sensitivity was assessed using the "Reading the Mind in the Eyes" test (Baron-Cohen et al., 2001 ). This 35-item test involves viewing pictures of emotional expressions cropped to just the eye-region, and picking the correct descriptor from among three foil words.
Group-IQ assessment tasks
Tasks used to assess group-IQ were 1) Brainstorming, 2) Group Ravens, 3) Plan Shopping Trip, and 4) Architectural Design. These were selected based on their factor loadings in Woolley et al. (2010) Study 1.
Brainstorming draws on Quadrant 1 of the McGrath circumplex, and involved each group writing down as many possible uses for both a brick and of a paperclip, with 5 min given for each item. Responses were scored following Wilson, Guilford, and Christensen (1953) and based on the number of uses generated, originality and the frequency in comparison to other groups.
Group Ravens (Quadrant 2) involved groups completing as many of the even numbered questions in set II of Raven's Advanced Progressive Matrices (Raven, Raven, & Court, 1998) as they could in 10 min, scored for the number of correctly answered items. In group planning (Quadrant 2) each group planned a shopping trip as if they were members of a household buying groceries. Members each had a different list of items they needed to collect while sharing a single car. Various constraints were put in place, for example certain items like milk would spoil after 45 min. There are better and worst places for members to buy different items for example some shops sell better quality items and some shops sell cheaper items. The goal was to make a plan in which they purchased as many high-value items as possible while adhering to the constraints. Teams received 5 min of instructions and then had 15 min to complete the task.
The architecture task (Quadrant 3: negotiation) followed Woolley et al. (2010) and involved each group designing and building a model house from a limited set of building blocks. Essential features were one door, two windows and a roof. Teams were given 5 min to organize, and 15 min to complete the task. Structures were scored on size, durability and aesthetic quality, and received penalties if they failed to conform to the essential criteria. We thank a reviewer who asked us to note that in Woolley et al. (2010) teams built a house, garage, and pool, receiving 15 min of instructions, 10 min of planning, and 20 min to build; here, teams built a house with one door, two windows and a roof with 5 min to plan and 15 min to build.
Finally, a computerized game of checkers was administered. Used as a criterion task by (Woolley et al., 2010), we selected this task based on its factor performance, and analyzed it (equivalently) as additional manifest measure of collective ability. Group members played checkers against a computerized opponent. Members were first familiarized with the rules of the game, then given time for a short practice match and lastly played one test match against the computer opponent. Teams received one point for every move they made, two points for every piece they took and three points for each king they earned. Only the scores in the test match were used.
Procedure
After informed consent, each participant was asked to complete three individual tasks: The individual-Raven IQ test; the personality measure; and the mind-in-eyes measure. Subjects were allocated at random into groups of size 2 (12 groups), 3 (8 groups), or 4 (6 groups) -a total of 26 groups. Subjects then completed the five group-IQ tasks. One group did not complete the architecture task due to a procedural error.
Results
Mean (and SD) for individual Ravens and RME raw scores were 12.23 (2.9) and 26.76 (3.35) respectively. Scores on the individual Ravens and on RME were averaged within each group, and these formed
